l µ nome and generating the consensus sequence by the CLC Genomics Workbench ver.11 (CLC 193 Bio, Aarhus, Denmark). Reference sequences of each RRV genome segment were obtained 194 from NCBI (https://www.ncbi.nlm.nih.gov/) using the following parameters: mismatch cost of 195 2, insertion/deletion cost of 3, length fraction of 0.8 and similarity fraction of 0.8. Using the 196 function "Extract consensus sequences", the consensus sequence was extracted from the pop-197 ulation before serial passages (cycle 0) in order to utilize it as a reference sequence. Sequence 198 reads in each population were mapped to the cycle 0 reference sequence ("Map reads to ref-199 erence") and then realigned locally to modify the gap generated in mapping to the reference 200 sequences ("Local realignments").
201

Estimation of nucleotide diversity, synonymous (dS) /non-synonymous (dN) substitution
202 rate 203 The frequency of single nucleotide polymorphisms (SNPs) was calculated by "Low Frequen-204 cy Variant Detection," which is a function of CLC Genomics Workbench. All SNPs on each 205 genome segment were displayed using the "circlize" of the R software package (26) . In order 206 to confirm whether the observed SNPs were the synonymous or non-synonymous amino acid 207 substitutions, the "Amino Acid Changes" function of CLC Genomics Workbench was used. 208 The software SNPGenie, developed by Nelson and Hughes (27) and based on the 209 Nei-Gojobori Method (28), was used to calculate the nucleotide diversity, dN and dS.
210
Rank-abundance analysis 211 To visualize the change in the mutant swarm of each lineage, the SNPs were arranged ac-212 cording to the rank based on the frequency using the R software package of "RADanalysis" 213 (https://CRAN.R-project.org/package=RADanalysis). rates of 11 genome segments were inferred using the BEAST2 software 217 (http://www.beast2.org/) based on the Bayesian Markov chain Monte Carlo (MCMC) method 218 (15). A GTR+γ model as the substitution site model and a Coalescent Bayesian Skyline plot 219 for the coalescent model were applied. Under a strict molecular clock, the BEAST software 220 was run, and then the output files were analyzed using TRACER software (30).
221
Simulation of the effect of minor mutants on the specific growth rate of a population 222 The effect of minor mutants (or subpopulations) on a specific growth rate of a population was 223 simulated using the modified Gompertz model (19) . The growth simulations under the fol-224 lowing four scenarios were conducted: Simulation 1: the frequency of dominant strain was 225 99 %, whereas that of minor mutants was 1 %. The specific growth rate of the dominant strain 226 was set as 0.5 (h -1 ) (common among all four scenarios), whereas that of minor mutants was 227 set as 2.0 (h -1 ). Simulation 2: the frequency of minor mutants was set as 10 %. Simulation 3: 228 we focused on the VP7 genome segment of the 0.001MOI-1_5 population. Nineteen replace-229 ments per 1000 bp on VP7 genome segment can be found, and we assumed that 19 independ-230 ent subpopulations possessing each nucleotide replacement were included in a population.
231
The frequency of 19 subpopulations was 1.0 % each (in total 19%). Simulation 4: the fre-232 quency of minor mutant was 1 %, but the specific growth rate was 5.0 (h -1 ). The sum of the 233 population size of a dominant strain and of minor mutants was regarded as the total popula-234 tion. The growth curve of the total population at each scenario was used to estimate the spe- 
RESULTS
248
Infectious titer, cell binding ability and specific growth rate 249 RRV populations were serially passaged five times at different MOI values (0.1 or 0.001). In-250 fectious titer ranged from 10 6 to 10 7.5 PFU/mL, and only the 0.1MOI-1_2, 0.1MOI-1_3, and 251 0.1MOI-1_5 showed significant increases in infectious titer from the original population 252 (p-value: 0.015, 0.006, 0.007, respectively) ( Figure 1a ). The cell binding ability was indicated 253 by the binding efficiency to cells (the proportion of genome copies from virions bound to cells 254 to those in the inoculum) ( Figure 1b ). Fewer virions (less than 2 %) were able to bind to cells, (34), which is consistent with our results for mutation rates ( gives a chance to minor sequences of mutants to explore a sequence space.
355
An expansion of mutant swarms appears to lead to an increase in the specific Figure 3 ). We deduce that some minor sequences find new se-368 quence spaces created by a bottleneck, resulting in an increase in the specific growth rate as a 369 population. Fitness is an overall indicator of the ability to produce infectious progeny, such as 370 a binding efficiency to receptors, specific growth rate and burst size (33). The fitness of mu-371 tants displaying a higher specific growth rate was lower in this study since nucleotide re-placements specific to 0.001 MOI lineages on master sequences were not found (Table 1) circos plot, the log2 frequency of SNPs observed in initial population can be seen (red arrow).
527
A heatmap block of four lineages was arranged clockwise from VP1 to NSP5/6. Simulation 1: the frequency of a dominant strain was 99 %, whereas that of minor mutants 543 was 1 %. The specific growth rate of a dominant strain was set as 0.5 (h -1 ) (common among 544 all four scenarios), but that of minor mutants was set as 2.0 (h -1 ). Simulation 2: the frequency 545 of minor mutants was set as 10 %. Simulation 3: we assumed that 19 independent subpopula-546 tions possessing each nucleotide replacement were in a population. The frequency of the 19 547 subpopulations was 1.0 % each (in total 19%). Simulation 4: the frequency of minor mutant 548 was 1 %, but the specific growth rate was 5.0 (h -1 ). -2 Cycle Cycle 
